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ABSTRACT 



A system and method to improve the quality of reproduced 
images oo a film to video transfer device by scanning extra 
lines to reduce vortical aliasing and performing vertical 
sample rate reduction to produce the correct number of 
video output lines High frequency noise is reduced as a 
result ctf the vertical sample rare reduction which jxoduccs 
a Unc filtering. More lines are scanned than normal and the 
distance between lines is reduced so that the larger nurubor 
of lines covers the original film image area. This has the 
effect of increasing (he sampling frequency in the vertical 
direction and therefore reducing oiWng "jy, provide die 
correct number of lines in the otfput of die film to video 
sample, rate reduction is performed. Sample rate reduction 
is performed by filtering multiple adjacent lines to remove 
any high frequency content that would be aliased at die 
Iowa- rate, lines are discarded in a predefined sequence that 
is a function of the fractional reduction rare. 

12 Claims, 2 Drawing Sheets 
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SYSTEM AND METHOD TO IMPROVE THE invention, more lines arc scanned than occnal and die 

QUALITY OF REPRODUCED IMAGES ON A distance between lines is reduced so that flic larger number 

FILM TO VIDEO TRANSFER DEVICE of lines covers the original film Image area. This has the 

effect of increasing the sampling frequency in the vertical 

BACKGROUND OF THE INVENTION s direction and therefore reducing aliasing. To provide the 

• correct number of lines In the output of the film to video 

1, Field of the Invention sample, rate reduction is pcrfcamed Sample rare reduction 
The invention is far use in conjunction with film to video is performed by filtering multiple adjacent lines to remove 

transfer machines, with its particular application utilizing U y high frequency content that would be aliased at the 
signal processing techniques to produce a video image from l0 lower rate. lines are discarded in a predefined sequence that 

the film of higher quality than would be The case without use ^ a function of mc fractional reduction rare, 

of the invention. ft should be noted mat mere is a problem associated with 

2. Brief Description of the War Art canning more lines. Depending on the amount of zoom, 
In fli™ to video transfer machines such as the telecine flim speed, and other scan effects, the distance between 

machines sold by Rank Glutei, film containing a moving 15 consecutive lines scanned on a QcT can become very smalL 

video image is run through a ligbt/lenfl/scanner system and This can result is a degradation of the image and shorten 

each film frame is sampled and video signals are generated CRT life. See US. Pit No. 5*179314 of Jan. 12, 1999. 

suitable for recording on a video ume» In sampling systems However, if the techniques of the invention described herein 

of this type, it is well-known that aliasing will occur if the are used, These problems are greatly reduced 

signal being sampled has energy above a frequency which is 20 

jmif ih* nnmpting frequency, a frequency one half the BRIEF DESCRIPTION OF THE DRAWINGS 

sampling frequency is known as fie Nyquist frequency. In flj^video transfer 

film to video transfer machines, it is common practice to use riKj 1 » * "^.S^^m ■ iJL~mT«ri«i 

a non-interlaced raster scanned CRT to convert the photo- ***** sud ? w ■ ^^5^J°^J^^*^2^ 

gra^ filmimages to video signals, Tbe Ught from ihe CRT 25 ra^ scanning and a sample rate converter according to The 

is focused on the film and photo detectors on the other side P«sent invention. 

of the film produce electrical signals representing the color FIG. 2 is a schematic reraxseotaboD of a piece of film, 

and intensity of the film images as they pass by the photo FIG. 3 is a detailed Uock diagram of a sample rate 

detectors. converter of the type that may be utilized in Che present 

In film to video transfer machines, it is also standard 30 invention. 

F actice to convert the video signals recovered from the film n ™ ATI ™ nR^rRTRiroNf of the 

10 digital signals. The digitized image is then steed in a DETAIL DE^CTTON OF THE 
memory device to provide for sequential to interlace con- 

version. The memory device is called a frame store and it p]g 1 is a ■r*iwmrir representation of a CRT raster 

also does the translation from the film frame rate to the video 35 scanning inc or porated into a fllnvto- video transfer system 

output rate. For example, the film rate could be 23.98 frames SUCQ M a telecine. including the mmrovements frovicfed by 

per second and the output video standard rate could be 29,97 the present Invention. One example of a telecine is the 

frames per second. tdedne described in the patent to David E Holland. U.S. PaL 

The video signals are passed through anti-aliasing low No. 4,823,204 issued Apr. 18, 1989, entitled "Method and 

pass filters before being converted to digital signals. There 40 Apparatus for Rim Weave Correction.* A typical prior art 

is normally no filtering vertically. Vertical filtering is (ttmV fllrn-to-video transfer system 10 incorporates telecine 12, 

cult to pcrtcrm optically because the distance between scan temporary storage apparatus 51 and controller 52. The 

lines changes depending on zoom amount and film velocity. present invention also includes sample rate converter 61 and 

It is also not desirable reduce the horizontal resolution. The particular settings of scan generator and velodry conxctox 

scanning spot could be expanded vertically, but this will 46 as explained in detail below. 

result in less resolution and may be difficult to perform when jj a standard teledne 12 as shown in FIG. 1* a high- 
electronic rotate is used, Images that have high frequency powered deflection system 14 deflects an electron beam 
components will cause vertical aliasing. generated by an electron gun in cathode ray tube 23. The 
Another effect that is objectionable is interlace flicker. ^ electron beam is deflected across the interior surface of the 
This occurs when adjacent line are significantly different screen of (he cathode ray tube 23 by deflection system 14 
Every other line comes from a different field at half the exciting phosphorous on the interior surface of the screen 
frame rate This effect can be noticed far example when the praduciag emitted light beam 24 The light beam 24 emitted 
image contains horizontal lines such as a car gdll or hori- from the OCT 23. strikes mirror 26 and is focused through 
zontal window blinds. Another noticeable effect is mat ^ first lens 2& 

diagonal lines tend 10 be jagged. The sequential deflection of the electron beam 24 across 

SUMMARY OF THE INVENTION ^.jEtESES SS 

Tae invention is a system and method to improve the quently scans across a strip of moving film 34. The moving 

quality of reproduced images on a film to video transfer 60 film strip 30 includes individual firm frames 34 and sprock- 

device by wanning extra lines to reduce vertical aliasing and ets 32 and edge 31 as best seen in FIG. % The sequentially 

performing vertical sample rate reduction to produce the deflected light beam 24 scanning individual film frames 34 

correct number of video output lines. This invention also has passes through the back side of the film strip 30 through 

tbe effect of reducing high frequency noise as a result of the second lens 3& light beam 24 passing through second lens 

vertical sample rate reduction which produces line filtering. 65 36 is detected by optical detection system 40. 

To reduce vertical aliasing and interlace flicker which Optical detection system 40 incorporates phcccclectric 

occur in prior art systems, in accordance with the present cells which generate electrical signals 29 in response to flic 
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detected right beam 24. These ftlrffTfrtl signals 29 arc coirect mmiber of scan lines is 

amplified by amplifiers located within optical detection a digital deflectioQ sygrm msnnfacmrcd by Digital Audio & 

system 4i and analog to digital converters, convert me Video. The scan generator in this system can be modified 

vnp|ffii»H uulog to digital etearicnl signals 29. using software or hardware to scan tbe extra lines required 

The digital electdcal signal 29 processed through existing 5 as follows, 

teledne video drcuitry 42. caters a temporary storage appa- Describing fint software modifications needed Co scan ihe 

ratus 50 which in a digital film-co-video transfer system extra lines, it should be noted max me scan generator board 

consists of random access memory (RAM) chip(s). part number 0000-1752 rev 1 uses dual port RAMfi 

Electdcal ^g^u 29, stored In temporary storage appa- iddrcsBcd by a 12 bit counter (hat is incremented at the end 

ranis 58 are manipulated by controller 52. Addresses 10 of each line and reset at the beginning of me frame. The 

describing die location of Ihe ff pft r beam 24 drtrrrr^ by other port of tbe RAM is connected to a zdcroproccssor 

phoco-decectors in the optical M»f*r n n system 4i are which is part of tbe scan generator TMs znicroproccssor fills 

as signed to electrical signals 29 stored in temporary storage the RAM based on tables stored in an EPROM used by the 

apparatus 50. These signals 29 are stored in a non-sequential microprocessor. There axe 3 dual port RaMs on the scan 

order: Controller 52 reorders the non-sequentially scanned ^ generator board. Two of ihe RAMs generate a 16bit vertical 

stored signals 29 into apredcCermined sequential order using scan address, The CRT addressing has a two's complement 

established programs. The controller 52, is further pro- bipolar addressing format. Tbe center of the CRT Is lera 

grammed to defied the electron beam 24 using a deflection The top of the OCT is represented by negative addresses, 

signal on bus 56 to the deflection system 14. Scan generator The normal 4-3 aspect 525 line mode has a line to line 

and velocity corrector 46 determines what area of the CRT increment value of 62.8067 and 487 active lines. The scan 

screen is scanned While controller 52 determines (he scan- addresses can be generating by making a counter start at -64 

ning sequence. Scan generator and velocity corrector 46 also times half the number of lines and incrementing by 64 e*£ 

provide velocity correction of Che deflected electron beam 24 line and "dng uds count g qf" value multiplied by a constant 

to correct for film movement. fraction for each line address. The scan generator uses a 

Sample rate converter 61 receives digitized video signal ^ YaGAIN constant of 32156732767 10 make the normal line 
63 from temporary storage 50 and processes me signal as address increment value off 62.8067. To gerjerate the proper 
described below with reference to FIG- 3. The video signal scan addresses for mis invention, the number of lines is 
produced by sample rate converter 61 are then input to video increased and the YaGaIN constant is reduced. For 
Docessing drcuitry 44. which is also part of teledne 12 for example, if Vx times as many Hoes are required, the active 
use by output device 48. shown as part of the teledne 11 ^ lines would be 4$7 rimes ^ which is 73 L The YAGAIN of 
Video rxocessing circuitry 44 is called a frame store and it 32156 would be scaled down by Vy which is 21437. This 
perforins sequential to interlace conversion and the transla- results is a line to line increment value of 41.8711. 
tkm from the film frame rate to the video output rate. Output Tdc ^t i rr RAM generates variou s riming signals in dud- 
device 48 could be, far example, signals to be fed to a color j ng fttT bUnHng dgptal Th» Mnnlrfn g d g «.«l n~^« t« h» 
monitoror an electrical siga^ used to rxoducc a vid«> tape. ^ XiMmNl ^ ^ accommodate me extra lines. The specifics of 

FIG. 1. excepting for sample rate converter 61, is sub- ft p^amming needed to aranmtish mis task would be 

stantuuly identical to FIG- 1 of U.S. Pat. No, 5,179314, and " ftTrZ^nnM^^T. *t Z*Z\Z 

further details concerning telecine 12 and its components T^L^^L J^ in die art given the 

may be found in this patcnL description provided herein. 

Referring now to FIG. 3, a sample rate converter of the ^ Instead of nwdifying die software to scan the extra lines, 

type that may be utilized in the present invention will now lhc changes can be made to the hardware. The dual port 

be described. RAMs can be replaced with EHtOMs, For example a 

FIG. 3 shows a portion of a sample rate converter of the 27C512 64 Jocg EPROM could be used. The upper four 

type known in the art to be used in a standards converter, ie M address lines can be used to select different scanning modes, 

a converter used to convert video signals from one video 45 The different nonsequential addressing modes can be done 

standard such as PAL to another video standard such as by reordering the data in the EPROMs. The velodty com- 

OTSCAlflioughsiich devices are well taown in the ait me pcosation counters should be prweot wim minus half the 

^J^TSSZ ^^^^^^^ nuateofllneaae^ 

s^SeU^ ***** when played bad. The ec^d be 

having a number of scan lines equal to the resolution of die adjusted by the teledne framing control but it is preferable 

c<rtputdrvice.Ijirhertforar^ increasing the t0 aa J ust ** velocity counters so that they reach zero at me 

number of scan lines may be obtained by fanning the vertical midpoint of the scanning process, 

scanning frequency. This normally results in a larger scan- The circuit of FIG. 3 receives a single video signal 

ning area (or patch size) when the film 38 being scanned is S5 component, i.e. a red, blue or green which is input to line 

moving past the scanner lenses 28 and 38. Since die vdodty delay ltl and multiplier 113. The other video signal com- 

c^on inw ^AyJiaA run patch siz^ it may be ^ ^ ^ a ^ponding circuit FIG. 3 circuit, the 

^, D ^? U 3 Scribed in U.S. Par. No. comhin ^ fl ^ ^ ^7^np Ie ^ COnvcrto 61 

5.179314 to increase the run patch size, if necessary. _ . t1 . . , " 

The resent invention requWmet scan generator and *> 5* SSt^ *5? 

vdccuVctmxctor 46 be pro*ammcd to provide a source ^^^fB^^U^^nAtrnhB^dO^m 

image with substantially more scan lines than needed by the i$ docked by an 18 MHz dock signal In this manna, at 

output device so that Che vertical sample rate reduction each dock, tbe current scan line (scan line N) is Input to the 

performed by block 61 (the circuit of FIG- 3) produces an first line delay 181 and its preceding scan line (scan line 
image with die correct number of scan lines. &5 N-l) is input to the next line delay 181 and so on up to a 

A tcledDc with a scan generator and vdodty corrector predetermined scan lines pior to scan line N (scan line N-i). 

which may be programmed to produce an image wim the Each scan line is also input to a corresponding multiplier 
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lt3. Each scan Hne is multiplied by a pedetennlBcd coef- 
ficient stored in maJtffHcr coefficient storage 105 and the 
results are added in adds 107 to thereby foma videoimage 
which 15 stared in frame buffer 1§9 in which each scan line 
has been filtered by the vertical low pass filter defined by 
multipliers 103. "The Dumber of delay lines 101 and multi- 
pliers WisamaOerafdesigncboicedetamiiKdby sample 
rate ratio, Le, » scan lines per frame required by ompot device 
48 divided by file number of scan lines pa frame input to 
sample rate generator 61, desired filler characteristics, Lc^ 
steepness of cutoff slope and cost The multiplier coefficients 
steed in multiplier coefficient storage 105 are also a matter 
of design choice determined by desired filter charaenristfes, 
Controller 111 generates control and address signals for use 
by multiplier coefficient storage 105 and frame buffer 109. 
Line delays 101 may be implemented using, for example, 
NEC UPD42102, multipliers 103 and adder 107 may be 
implemented with a Ratheon TMC2246. Multiplier coeffi- 
cient storage 105 is a RAM or ROM. Controller HI may be 
implemented using PAL* such as PALCE25V12 and frame 
buffer 109 may be implemented with a static RAM such as 
MB&220L Hie specifics of how the filter characteristics are 
chosen and other design details of the circuit of FIG- 3 
should be readily apparent to persons familiar with the 
design of sample rate converters. One source for obtaining 
such details is the Handbook for Digital Signal Practising 
by Sanjit K Mitra and James R Kaiser published by John 
Wiley & Sons (1993). 

In an alternate embodiment when and flfefcw reduc- 
tion are not required, the scan generator can be innfflM to 
scan twice the required lines and to scan each line two times. 
Bach pair of lines is then averaged to make 1 line with less 
noise than if scanned only once* Random noise will be 
reduced. The hardware is similar to the system tepr rft*** 
above except that only two multipliers are required and die 
scan address changes only every other line and the line gain 
is not changed from the standard teieeto^ 

The present invention also has application in video cam- 40 
eras. In this environment no mlccine machine would be 
involved The additional scan lines would be provided by 
using a CCD array with a larger number of rows in the 
vertical dimen&on than would otherwise have been used. 
The generated video &igual would then be digitized fox input 45 
to the sample rate converter of FIG. 3. The output of die 
sample rate converter would then be recorded as a digital 
signal on video tape or other recordable media or first 
converted to an analog signal for recording on video t»pr or 
other recordable media. 10 
We claim; 

1. A film to video transfer system comprising: 

a) a telrrinr m»rfrii>t» including i) a scan generator and 
velocity co r rector which generates a control signal used 
by a electron beam deflection system to produce a film 
scanning beam and ii) a detection system adapted to 
convert the film «r.»i»Hng beam to a digitized 
representing each film frame which has been ^nnfri 
said digitized signal representing a plurality of scan 60 
lines corresponding to each said film frame wherein the 
number of said scan lines is greater rh«n the number of 
scan lines required by an output device; 

b) sample rate converter means coupled to said detection & 
system for performing vertical sample rate reduction on 
each of said frames of digitized film frame information; 
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c) means for storing said frames of AtgttifrA film frame 
information which have been vertical sample raze 
reduced for use by said output device. 
X The system defined by claim 1 further comprising: a) 
temporary storage means coupled between said detection 
system and said sample rate converter for storing a current 
frame of *flgMzed flim frame information. 

X A method of coDverting motion picture film images to 
at least one output video signal having a correct number of 
video linos ccmraising the steps of: 

a) reading substantially more vertical lines of information 
from a motion picture film image than is available on 
said output video signal; 

b) performing vertical sample rate reduction operating on 
a plurality of vertical lines of video to produce said 
output video signal with the correct number of video 
lines. 

4. A method of reducing random noise in a system that 
reproduces film images in the form of video signals com- 
prising the steps of: 

a) reproducing a particular area of the film with a first 
scan; 

b) reproducing said particular area of the film with a 
second scan; 

c) creating an output video signal that represents the 
average of said first scan and said second scan wherein 
said output video signal has less random noise than 
each individual sean; 

d) repeating steps a) through c) far a plurality of lines 
producing a video image. 

5. A film to video transfer system comprising: 

a) a tdedne machine including scan generator means 
operable to produce a film c^tming beam and a detec- 
tion system operable to convert film light 
from said film scanning beam to a d ffitfMd signal 
representing information on the flltn wherein said digi- 
tized signal rejseseDts a plurality of progressively 
. scanned lines corresponding to film frame information 
wherein (he number of said scanned lines is greater 
than the number of scan lines available to an output 
device; 

b) sample rate conversion means coupled to said detection 
system for performing vertical sample rate reduction on 
each of said frame* of digitized film frame information; 

c) output coupling means operable to present output of 
said sample rate conversion means to said output 
device. 

6. Tie device dc/scrirrd in claim S wherein said output 
coupling means comprises a frame store operable to gener- 
ate an Interlaced video dgaaL 

1, The device described in claim 5 wherein said sample 
rate conversion means simultaneously operates on at least 3 
neighboring lines. 
8. A film to video transfer system conmrMng: 
a) ■ telccine machine Including scan generator means 
operable to produce a film <r*wi»faft ^d ft detec- 
tion system operable to convert film modulated light 
from said film scanning beam to a digitized signal 
representing information on the film, said digitized 
signal representing a plurality of non forward- 
sequential scanned lines corresponding to film frame 
information wherein file number of said scanned lines 
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is greater than the number of scan fines available to an 
output device; 

b) temporary storage means coined to said detection 
system operable to provide a video signal representing 5 
sequentially ordered video; 

c) sample rate oonvorioo means coupled to said tempo- 
rary storage means for p e rfumi ng vertical sample rate 
redaction oneacfaof said frames of digitized fllmmune ^ 
infonnatioa; 

d) output coupling means operable to present output of 
said <ampig rate conversion means to said output 
device. 

9. The device described in claim 8 wherein said output & 
coupling means comprises a frame store operable to gener- 
ate an interlaced video signal. 

lit, The device described in claim 8 wherein said sample 
rate conversion means simultaneously operates on at least 3 
neighboring lines. 
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1L Video camera system comprising: 

a) a light detection system operable to convert an image 
to a digitize? g jgn»i repcesenting information in said 
fmjigA with yfrl dl gltfiagd dgnal rfp rnsMirtng a plurality 
of progressively ffimrW Uses mi i csp onding to said 
image information wherein (he number of said iwimplrri 
lines is substantially greater man the number of scan 
lines available to an output device; 

b) sample ram conversion means couple* to said detection 
system sjjnnftaneoiuly operating on groups of at least 
3 i*H fil tering Hues for performing vertical sample rate 
reduction on said Image information; 

c) output coupling means operable to present output of 
said sample rate conversion means to said output 
device. 

12. The device described in claim 11 wherein said output 
coupling means comprises a frame store opera b le to gener- 
ate an interlaced video signal. 



